Montreal, Quebec, Canada (Received for publication December 11, 1975) Under optimal conditions antimycin A was produced at constant rate from the second to the sixth day, when maximum yields of more than 9 g/liter were attained.
A procedure for antimycin A extraction is described.
Optimization of antimycin A fermentation in shake flasks has been reported"". Maximal productivity of strains selected after mutagenic treatment was expressed, when environmental conditions were adjusted to meet their individual requirements. Critical factors were absence of phosphate and organic salts, proper choice of the organic nitrogen source and ratio organic/ inorganic nitrogen, addition of calcium carbonate, and presence of a rapidly utilizable carbon source, glucose. Addition of a slowly utilizable carbon source, lactose, and a non-carbohydrate carbon source, soybean oil, was highly beneficial. The rapid utilization of glucose entailed a sharp pH drop which curtailed growth and antibiotic production until the organism could metabolize the acids produced and excrete enough ammonia into the medium to restore pH conditions appropriate for growth and further antibiotic production. Control of pH should contribute to eliminate this intermediate, unproductive period, and shorten the fermentation time.
The purpose of this work is three-fold: scale-up of antimycin A fermentation, which had been optimized in shake flasks"*), to aerated-agitated fermenters") ; comparison of improved strains selected for productivity in shake flasks; and corrections of the fermentation parameters to obtain maximum yields in the shortest time. was prepared in shake flasks: 500-m1 Erlenmeyer flasks (50 ml of inoculum medium) were inoculated with 1 % spore suspension and incubated for 24 hours, at 25°C and 70 % relative humidity, on a New Brunswick Scientific gyrotory shaker, model G-53, at 240 rev/min (2"-stroke). The second-stage inoculum was generally prepared in 12-liter Florence flasks containing 1.6 liter of inoculum medium; flasks were inoculated with 1 % of the first-stage inoculum, and incubated for 18 hours, at 25°C and 70 % R. H., on a reciprocating, model R-82, shaker set at 75 rev/min (2"-stroke). Occasionally, the second-stage inoculum was prepared in 5-liter and 14-liter fermenters: the fermenters were inoculated with 1 % of the first-stage inoculum, and incubated fours 18 hours at 25°C; agitation was 400 rev/min and aeration 0.5 vol air/vol medium/ min. DF-143 PX antifoam agent (Mazer Chemicals, Inc., Gurnee, Illinois) was added automatically on demand. When 130-liter fermenters were used, the conditions were the same as above, except for agitation which was set at 300 rev/min. Foaming was controlled automatically by addition of DF-143 PX antifoam agent on demand. For pH control a Leeds & Northrup, model 7678, recordercontroller dual system was used, which consists of steam-sterilizable electrodes and acid/base reservoir assemblies, and a potentiometer. pH was automatically controlled by addition of ION NH4OH or 5 N HZSO4. Sulfuric acid was available as a precaution, but was generally not used. When continuous addition of nutrients was required, a peristaltic pump was used which operated at preset speed necessary to deliver a given volume of a 40 % solution of " Cerelose " or of crude soybean oil SB-1 (Canada Linseed Oil Ltd., Montreal) per time unit: the delivery is expressed in percent sugar or oil/day.
The "Cerelose " solution was sterilized at 121'C for 45 minutes; soybean oil was sterilized at 140°C for 16 hours (dry heat). The first goal was to establish in 5-liter fermenters the conditions required to reproduce the yields observed in shake flasks"". Streptomyces sp. M-306 was grown in medium A in two stages, and 2 % inoculum was used at each stage.
The first stage was run in shake flasks and the second stage either in shake flasks or in 5-liter fermenters.
The results are reported in accordance with a trophophase-idiophase patterns) which is typical of many antibiotic fermentations (see DEMAIN6)).
Comparison of Strains M-306 and M-506
When medium B became available 14), the influence of a large number of antifoam agents was studied. All agents, except lard oil and DF-143 PX, were found toxic when added before sterilization.
Lard oil added at 0.2 % before sterilization controlled excessive foaming during the process; its effect lasted up to 8-12 hours after inoculation, after which it had no value probably because, like other oils (sperm oil, soybean oil, peanut oil), it was utilized very rapidly. is illustrated in Fig. 2 ; it is very similar to that previously observed in shake flasks 10 . Initially, the organism grew very rapidly, while glucose was utilized and became nearly exhausted at 48- Figs. 2 and 3 ).
In subsequent experiments pH was controlled at several other values, but the most beneficial effect of pH was found for a value of 6. This is shown in Fig. 4 , where a maximum yield of 6,800,ug/ml was reached in 7 days. with rapid utilization of glucose and rapid pH drop in the first two days of incubation. This observation, first made in shake flasks, is depicted in Fig. 1 for aerated-agitated fermenters.
Addition of soybean oil and a slowly utilized sugar, such as lactose, was beneficial in terms of productivity, but always led to excessive fermentation time.
Soybean oil and lactose cannot be replaced by increasing initial glucose concentration over 2 %, the maximum concentration tolerated by the microorganism. They could be replaced, however, by continuous addition of glucose, as in penicillin fermentation ' 7,11) . The effect of increasing the carbon source concentration was not apparent during the first fermentation phase.
The effect was apparent during the second phase, when pH remained at 4, and growth and antimycin A production were arrested.
The length of this intermediate lag phase was about 4 days in medium B (Fig. 2) ; it lasted 6 more days when soybean oil and lactose were added to the medium; when glucose was fed continuously to medium B the second phase lasted as long as glucose was added. This intermediate lag phase came to an end when the carbon source was exhausted; this phase was not detrimental to the organism which could always manage to restore suitable conditions (third phase) for resuming growth and antibiotic production, probably by utilizing acidic compounds produced previously, and certainly by excreting ammonia into the medium. This third phase generally lasted 2 days and came to an end when pH reached 8.28. 4 and antimycin A attained a maximum (it was destroyed as rapidly as it was produced). Addition of phosphate buffer caused the sudden arrest of antibiotic production, hence could not be made to maintain pH at 7. During this last phase the organism sporulated abundantly; and antibiotic production was growth dependent. The effect of increasing the carbon source concentration was very apparent during the third phase: overall antibiotic production was increased. Corrections of fermentation characteristics were brought about by pH control: the optimum value was 6. These corrections prolonged the initial growth and production phase, and eliminated the second and third phases. Antibiotic production paralleled the growth curve and extended to the stationary growth phase. Continuous addition of soybean oil was superior to that of glucose, probably because of the higher energy value of the former. In spite of these corrections it was not possible to prolong growth and/or production beyond 6 days.
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